pneumatic systems were derived and simulated [3] [4] [5] .
Complex controllers' algorithms of pneumatic servo control system were developed via higher speed microcomputers in 1980s. So, pneumatic servo control problems were solved by feedback compensation [6] .
Furthermore, PID control and PWM signals were used to improve position control of pneumatic cylinders [7] .
However, the robustness and the control accuracy of pneumatic cylinders in the past research are still unsatisfactory because of the high non-linearity and the compressibility of compressed air. Some research [11] [12] paid attentions to the influence of non-linearity on pneumatic servo control systems, such as stick-slip effect.
The stick-slip effect, which results mainly from friction force of pneumatic cylinders, makes pneumatic cylinders unable to keep steady motion in low velocity conditions [11] . Therefore, the non-linear problems complicate pneumatic servo control so that modern control strategies are essential. Self-tuning adaptive control was used in the position control of pneumatic servo cylinders for adapting control parameters on-line such that the positioning accuracy of 5 gm in no loading conditions was achieved [8] . The synchronization control of two pneumatic cylinders was designed using self-organizing fuzzy control, which on-line modifies fuzzy control rules, to reach the positioning accuracy of 5 gm in no loading conditions [9] . Besides, a pneumatic positioner composed of two-stage position control, inclusive of a standard pneumatic cylinder and a rotary pneumatic motor with a ball screw system, was developed to achieve control accuracy of 50 gm by PID control [10] .
To date, the position control of the pneumatic servo cylinder is clearly restricted to the positioning accuracy The new high precision pneumatic-piezoelectric hybrid positioning system is implemented experimentally in this study to certify its excellent control performances, including large stroke, high response and high positioning accuracy.
PNEUMATIC-PIEZOELECTRIC HYBRID POSITIONING SYSTEM
The new high precision pneumatic-piezoelectric hybrid positioning control system developed in this paper contains a pneumatic servo system and a piezoelectric servo system, as shown in Fig. 1 . control systems, which control performances, including peak time, maximum overshoot, rising time, settling time and steady state error, are compared and summarized in Table 2 . The PNEUDVSC system has the steady state error 
